Introduction
Scrub typhus disease is a febrile illness found in many areas, but especially in Asia, and is sometimes fatal. Rickettsia tsutsugamushi, the causative agent of scrub typhus disease, is transmitted by infected mites. Several components of this bacterium are recognised by sera from immunised animals, and immunological investigation has revealed that R. tsutsugamushi can be divided into several sub-types that exhibit different epitopes that may play an important role in the immune response. l4 The diagnosis of scrub typhus disease is based on its clinical features and serological tests. The existence of specific antibodies against bacterial proteins has been used for diagnosis, but the sensitivity and specificity may not always be reliable. Immunogenic proteins are conserved in scrub typhus rickettsiae? The deduced amino-acid sequences of the 58-kDa antigen were found to be homologous to heat shock protein 60, which shows a high degree of homology and antigenic cross-reactivity in many species.' Despite the high homology of the amino-acid sequence, a distinct antigenicity of the 58-kDa protein was reported,' suggesting that the protein could be a useful diagnostic reagent or pctential vaccine component.
The polymerase chain reaction (PCR),* employing specific oligonucleotide primers and Taq DNA polymerase, has provided a valuable approach in the diagnosis of infectious diseases. and detect the presence of pathogens in a clinical sample. In this paper, the development of a PCR test for the specific detection of DNA fragments encoding the 58-kDa protein of R. tsutsugamushi is described. Qttd 
Materials d methods

Bacterial strains
DNA preparation
Rickettsiae were grown in mouse fibroblasts (L cells). Infected cells were provided by the Kanagawa Prefectual Public Health Laboratory (Yokohama, Japan). DNA from R. tsutsugamushi (strains Karp, Kato, Gilliam, Kuroki and Kawasaki), R. sibirica and R. rickettsii was isolated by lysis of infected mouse L cells (c. 5 x lo6) in 0-5 ml of lysis buffer containing: proteinase K 0 5 mg/ml, SDS 2 % w/v, 10 mM TrisHCl, pH 8-0, and 1Onm EDTA. Chemicals were purchased from Bethesda Research Laboratories (Gaithersburg, MD, USA).
Clinical samples were from four patients who had the typical features of scrub typhus disease, such as generalised rash, fever, headache and malaise. All four patients showed high titres of anti-R. tsutsugamushi antibodies in serological tests. Peripheral whole blood, tissue homogenates and paraffin-embedded skin biopsy sections from each patient were used as DNA sources. Whole blood (05ml) from a patient was incubated with 0 5 ml of double concentration lysis buffer. Tissue fixed with formalin was homogenised in saline, centrifuged for 30 min at 13 000 g , and the pellet resuspended in 0.5 ml of lysis buffer. Tissue sections, cut from a block fixed in formalin followed by paraffin embedding, were extracted twice with xylene to remove the paraffin. The organic extract was washed twice with ethanol 100% to remove the solvent, vacuumdried and suspended in lysis buffer. All samples in lysis buffer were incubated overnight at 37"C, extracted with phenol and chloroform, and the DNA was precipitated with ethanol 100 %. After washing with ethanol 70%, the DNA was dried and re-dissolved in 10 pl of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0).
Polymerase chain reaction (PCR)
Two sets of oligonucleotide primers were selected, based on the established nucleotide sequence of the 58-kDa antigen of R. tsut~ugamushi.~ The primers had the following sequences, numbered according to Stover and colleagues :' primer 1, (372-394), 5'-GTACATGGCGATCAATGTCGTAA-3'; primer 2, AA-3' ; primer 3, (909-888), 5'-CAAAGTTAAAA-TTTTTAGAATC-3'. Primer sets 1 + 3 and 2 + 3 were used to amplify 538-bp and 109-bp DNA fragments, respectively ( fig. 1) . A separate set of primers, 5'-GGTTGGCCAATCTACTCCCAGG-3' and 5'-GGAAAATAGACCAATAGGCAG-3'
(Takara Shuzo Co., Kyoto, Japan) was used for amplification of a 345-bp fragment of the human /?-globin gene. DNA fragments were generated by Taq DNA polymerase in a model PHC-2 PCR processor (Techne, Cambridge) with 40 cycles, each consisting of denaturation for 1 min at 94"C, followed by annealing for 1.5 min at 58"C, followed by extension for 1 min at 72°C. Amplification products were visualised after electrophoresis of 5-pl portions on NuSieve GTG agarose (FMC Bioproducts, Rockland, ME, USA) 3.5 % gels containing ethidium bromide 0.5 pg/ml.
(80 1-824), 5'-GTTTCATCTAATGGAGACCGCG-
Southern blot analysis
PCR products obtained from clinical samples were electrophoresed on agarose 1 YO gels and transferred to a nitrocellulose filter by capillary transfer.12 Prehybridisation and hybridisation were performed at 42°C for 2 h and 16 h, respectively, as described.12 The DNA probe for Southern blot analysis was generated by PCR from R. tsutsugamushi strain Karp by means of oligonucleotide primers 1 and 3. Sequencing of this fragment by the dideoxynucleotide chain termination method13 showed a sequence identical to the published data (results not shown). This DNA fragment was labelled with a[32P]dCTP by random priming14 and used as the probe.
Results
DNA isolated from infected mouse L cells containing rickettsia1 genomic DNA was used as a substrate for PCR. As expected, primers 1 + 3 and 2 + 3 generated 538-bp and 109-bp DNA amplification products, respectively, with all strains of R. tsutsugamushi tested, but no specific amplification was observed with DNA from R. sibirica or R. rickettsii ( fig. 2a) . No detectable amplification occurred with the primers designed for R. tsutsugamushi from Escherichia coli, mouse or human genomic DNA, although it was possible to amplify a 345-bp /?-globin gene DNA fragment from human DNA with the specific set of primers described in Materials and methods ( fig. 2b) .
DNA samples extracted from clinical specimens obtained from patients with scrub typhus disease were also used as substrates for PCR amplification. Amplification was observed with DNA from peripheral whole blood, tissue homogenates and paraffin-embedded skin biopsy sections ( fig. 3A) . To confirm the specificity of the amplified DNA fragments, a 538-bp DNA probe obtained directly from R. tsutsugamushi was used for Southern blot analysis. As expected, hybridisation was detected to both the 538-bp and 109-bp fragments amplified from the clinical samples ( fig. 3B ) since the 109-bp fragment is contained within the 538-bp fragment ( fig. 1 ).
Discussion
PCR was used to attempt specific DNA amplification from control strains of R. tsutsugamushi and clinical samples obtained from patients with scrub typhus disease (tsutsugamushi disease). The DNA segments targeted for amplification were the 538-and 109-bp regions of the R. tsutsugamushi gene encoding a 58-kDa protein that forms a major antigen recognised by affinity-purified antibodies. l5 The deduced amino-acid sequence of this protein shows a high degree of homology to heat shock protein 60. 7 The oligonucleotide primers were selected to have a low degree of homology to the gene encoding heat shock protein 60 from E. coli, Mycobacterium leprae, Coxiella burnetii, Triticum aestivum (wheat), Saccharomyces cerevisiue and man. ' The results indicated that the primers were specific for all strains of R. tsutsugamushi, but not other rickettsiae such as R. rickettsii and R. sibirica.
These results support a previous report, based on immunological analysis, suggesting that R. tsutsugamushi is unique among members of the genus Rickettsia.ls R. tsutsugamushi consists of several subtypes that exhibit different antigenic properties, and these different epitopes have been used for serological examination. Apart from immunological studies,8* 17* l 8 genetic analysis has also been used to investigate relationships between strains of R. tsutsugamushi. 15 Sequencing or analysis of restriction fragment length polymorphisms (RFLPs) of amplified DNA fragments may be useful in further investigations of this species.
R. tsutsugamushi DNA was detected by PCR in all clinical samples obtained from patients in an acute stage showing typical features of scrub typhus disease. The pathogen might even be detectable earlier, perhaps during the incubation period, because of the high sensitivity of the PCR technique. However, since this method also amplified DNA from blood obtained from patients who had been treated successfully with antibiotics (results not shown), it appears that nonviable R. tsutsugamushi may also be detected by PCR. Thus, the high sensitivity of the PCR technique may mean that it is not suitable for treatment evaluation, although it may be useful for a rapid diagnosis of the disease itself. When considered in conjunction with the DNA hybridisation analysis, which confirmed the specificity, this procedure seems to be a powerful method for diagnosing scrub typhus disease at an early stage, with high sensitivity and specificity compared with serological tests. In combination with proper treatment, the procedure may help to prevent serious morbidity in patients with this disease.
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Wednesday, 6 January. Symposium-" Diarrhoea1 diseas-urrent concepts and future challenges. This book grew from the Second International Workshop on Acinetobacter held in Paris in September 1990. In their Preface, the editors write that they " ...decided not simply to publish the proceedings of the Workshop, but to commission a series of review articles.. . ", and that the book comprises " these reviews, together with a number of articles that expand on the research talks presented at the Workshop." The strengths and weaknesses of the book flow, almost inevitably, from this mode of construction.
Put simply, the book is a Commonwealth of Independent Articles, not a Union. Its extent is huge, covering taxonomy, typing, epidemiology, virulence factors, clinical role, antibiotic resistance mechanisms, genetic organisation, metabolism and industrial applications. Some of the constituent articles are comprehensive, up-to-date reviews ; others describe an author's own results on selected strains supplemented with a few comments on the behaviour of the genus as a whole. The contents list does not distinguish between these types of article, which is an inconvenience to the reader. Another inconvenience is that the "new" But these quibbles about presentation and editing should not detract from the wealth of information contained in the book, nor from its timelessness. There are rich seams of information for those who care to dig a little. The book will provide an invaluable reference source to anyone undertaking research on almost any aspect of this increasingly important genus. Such workers should certainly buy a copy. Those with a more general interest in, for example, the clinical importance of the species, would be advised to peruse a library copy.
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